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Abstract. Given that, in the recent years, the technique and technology has an impressive 
development and the topographic measurement equipment became increasingly sophisticated, the 3D 
laser scanning technology is the latest technology in the field, revolutionizing the topographic 
measurement technique. This technology allows solving problems that traditional methods would 
require excessive costs or it would be impossible to fulfill. Each scanning operation generates a “point 
cloud”, points whose position is defined by the (x, y, z) coordinates in the scanner’s own coordinate 
system. Since the laser scanning system is equipped with a navigation system (INS/GPS) the points 
coordinates will be defined in the WGS 84 coordinate system. 
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INTRODUCTION 
 
3D laser scanners are surveying instruments through which we can achieve high 
precision measurements with high speed. The principle of laser scanning LiDAR (Light 
Detection and Ranging) consist in issuing a laser beam which measure the distance from 
source to surface or investigated object, recording, at the same time, the laser direction to. 
 The laser instrument can be set statically on the ground (terrestrial laser scanner) or 
can be set in an airplane or helicopter (airborne laser scanners). For special applications, laser 
scanners can be placed on a car - mobile laser scanners (www.geodis.ro). The measurement 
result is represented by a set of points, called point cloud. 
Using automated, semi-automated and manual procedures, these points are classified 
by further processing. In some cases, can be used information by reflection intensity, or the 
real color of each reflection - for simultaneous acquisition of digital photos of objects it is 
possible to color the point cloud with these photos (www.microgeoit/ro). The final result can 
be, for example, a highly detailed model of the terrain or   surface,   as a   triangulation   
model   or a general 3D vector model. After the way they are used laser scanners can be 
divided as follows: terrestrial scanners: stationary (terrestrial scanners); mobile (mobile 
scanners); and aerial scanners (airborne scanners). 
 
TERRESTRIAL LASER SCANNERS 
 
Depending the way they are used, terrestrial laser scanners can be divided in two 
categories: stationary and mobile.  
 
Terrestrial scanner 
In this case the laser scanner (Fig. 1) is placed on one or more points of known 
coordinates. 
507
 
Fig. 1 RIEGL VZ-6000 terrestrial scanner 
 
Thus may scan a building, a bridge, an archaeological site, can be monitored the 
development of an open pit mine or dumps etc. establishing, depending on the desired 
accuracy, the distance to the measured object. 
Each scanning operation generates a “point cloud”, points whose position is defined 
by the (x, y, z) coordinates in the scanner’s own coordinate system. Since the laser scanning 
system is equipped with a navigation system (INS/GPS) the points coordinates will be defined 
in the WGS 84 coordinate system. 
Since the topographical benchmarks have known coordinates in a reference system, 
the point cloud which gives the contour of the object will have coordinates determined in the 
same reference system (Cosarca et al., 2005). 
For georeferencing the scanned object we need some control points, or fixed points, 
whose coordinates will be determined using a total station standing on the same known points 
as we did with the scanner (Sukta and Kuras, 2013). 
Control points are marked by the sighting targets as shown in Fig. 2. 
 
     
Fig. 2 Sighting targets (Cosarca et al., 2005) 
 
The point cloud measured from another topographical benchmark needs some other 
sighting targets. 
  
Principle of operation 
The modulated light beam is emitted by an electronic unit 1 and meets the optic 
element 2, which rotates at a high speed. From the surface of this optical medium (which has 
the properties of a mirror) laser beam is reflected and propagates under a specific angle 3 
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(Fig.a3). When the laser has passed the whole profile from the object space, the upper part of 
the scanner 4 rotates whit a small angle   around the vertical axe, in order to measure 
another profile, adjacent to the first. This operation repeats until are measured all preset 
profiles of the investigated object (Cosarca et al., 2005). 
At the beginning of the scan is established the position from which the scanning 
process starts and the position where it ends. If we want to scan the entire area around the 
scanner, this will measure under an angle of 360
o
 but cannot scan under the tripod on a radius 
equal with the scanner height. 
 
Fig. 3 Principle of laser scanning (Cosarca et al., 2005) 
 
Before or after the scanning process we need to determine the coordinates of the 
topographical benchmarks and sight targets. The coordinates of these points may be 
determined using the GPS technology or, when this is not possible, by total station 
measurements. 
Among the advantages of laser scanning we can mention: high speed measurements, 
high precision (between 5 and 20mm), a high degree of automation of the work, the 
possibility of measuring in inaccessible or dangerous conditions etc. 
 
Measurement processing 
Knowing topographical benchmarks coordinates and those of the control points, 
using special software programs, we can determine the coordinates of each point of the point 
cloud for each measurement. 
Some scanners are equipped whit high resolution digital cameras which gives us the 
scanned image depending on the selected angle (Cosarca et al., 2005). 
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Fig. 4 Scanned building (www.microgeo.it/ro) 
 
Mobile laser scanner 
The mobile scanner term refers to the scanner mounted on any type of mobile 
platform such as a vehicle (Fig. 5), a boat or a train (Puente et al., 2011). 
 
    
 
Fig. 5 RIEGL VMX-250 mobile scanner (www.riegl.com) 
 
Practical applications of this technology have grown spectacularly in the last decade 
especially because of the revolutionary progresses made in related technologies such as 
(www.marketwatch.ro): 
- progresses made in GPS technology, which allows us to determine the position and 
direction of movement of the mobile platform whit high precision; 
-  development of new electro-optical and mechanical components for laser scanners led 
to a substantial increase in the quality of LiDAR measurements performed on mobile 
platforms and beyond; 
- development of software programs capable to process large amount of data. 
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Such scanners have been used, so far, in various fields of activity like road 
measuring, railways or costal areas (www.marketwatch.ro). 
At the roads measurements the biggest problem in using the laser scan technology is 
the presence of vehicles (Lin et al. 2013). 
A mobile LiDAR system includes the following subsystems: laser scanner, GPS 
receiver, inertial navigation system INS which includes an inertial measurement unit IMU 
that measures the orientation of the mobile platform and a sophisticated software unit, which 
controls all this components, synchronize the time measurement and record data collected. 
For example, the mobile laser scanner system RIEGL VMX-250 contains the 
following parts (Fig. 6), (www.riegl.com): 
- VMX-250-RM Roof Mount (RM); 
- VMX-250-MH Measuring Head (MH); 
- VMX-250-CU Control Unit (CU); 
- VMX-250-MC Main Cable (MC); 
- VMX-250-DMI Distance Measurement Indicator (DMI); 
- VMX-250-CS6 Camera System (CS6). 
 
 
 
Fig. 6 Components of RIEGL VMX-250 laser scanner system (www.riegl.com) 
 
A laser scanner combines a laser fascicle emitting a beam, a mirror which reflects the 
beam to the area of interest (measured surface) and an optical receiver subsystem, which 
detects the laser reflected from the object. Since the speed of light is known, laser wave travel 
time can be measured and converted into distance. Combining the wave laser emission range, 
the angle of scanning, the laser position (determined by the GPS receiver) and mobile 
platform orientation, can be determined the coordinates x, y, z of each point measured for 
every laser pulse. Laser pulse repetition rate in combination with the laser pulse reflection 
mode determines the collection rate measurements. For the most advanced commercial laser 
scanners, measurement data rate is usually between 50000 – 200000 measurements per 
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second, enabling the user to collect in a short period time a high density of points with great 
precision.  
To achieve a higher precision is important that the reference stations, where GPS 
receivers are placed, to be located so as to frame the objective that will be measured (Fig.a7.a) 
of longitudinally - in the case of communication paths (Fig.a7.b) – (Băloi et al., 2012). 
 
     
a)      b) 
Fig. 7 The placement type of reference stations (Băloi et al., 2012) 
 
Airborne laser scanners 
Airborne laser scanners - Fig. 8 (www2.geog.ucl.ac.uk) are quick, accurate and 
efficient solutions of collecting 3D data on large areas such as: agricultural land, forest, etc. 
 
Fig. 8 Airborne laser scanning (www2.geog.ucl.ac.uk) 
 
Laser device placed in an airplane or helicopter emits a laser beam measuring 
distance to the earth surface. At the same time, the laser beam is located by means of 
differential GPS and inertial navigation. Interpreting all the parameters we get information 
about a specific point on the earth’s surface. 
In this case the laser scan device is placed in an airplane or helicopter, unlike mobile 
scanning were a vehicle is used. 
The main advantages of this technology are (www2.geog.ucl.ac.uk): 
- time – through LiDAR technology is possible to scan large areas of land in a very short 
time. Such a system mounted on an airplane or helicopter is able to scan an area of 
approximately 300km
2
, with a 15cm precision, within a 4 hour flight; 
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- automation of work – this technology does not require a preliminary observation of  the 
measured objective, getting topographical maps even in less accessible places; 
- multiple options – automatic collection of the data in a very short time over large areas, 
enables designers to consider more alternatives for the required design projects; 
- obtaining a 3D terrain model. 
 
Surveying country road 543 using a riegl vmx-250 mobile laser scanning system 
To measure a road with a mobile laser scanning system it is necessary to go through 
the following steps: 
- measurement session planning – it is the utmost importance, having the role to 
determine the optimal time to achieve measurements (being necessary a high availability of 
the satellites) and to prevent unpleasant surprises; 
- equipment installation and testing – in this stage is initialized the laser scanning 
system ( are configured the two scanners, is started the GNSS and INS system, are calibrate 
the cameras and finally the measurement starts); 
- placing the reference stations and control points. Reference stations are points that 
belong to the triangulation network, points stationed with GPS equipment capable of 
transmitting corrections to the scanning system GPS receiver. According to the type of job 
that will be carried out, the reference stations can be located longitudinally (see Fig. 7.b), 
along the target that will be measured (in the case of communication paths) or it could be 
placed around the area that will be scanned (see Fig. 7.a). 
- simultaneous data collection: static GPS data (from the reference stations), cinematic 
GPS data (from the GPS receiver of the laser scanning system), inertial date, laser 
measurements and digital images; 
As each of these data is collected in different coordinate systems (Fig. 9), the relation 
between this data consists of time at which it was recorded, i.e. the GPS time (Fig.a10). 
 
 
 
Fig. 9. a) IMU coordinate system; b) digital camera coordinate system 
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Fig. 10. Relation between the measured data (GPS, IMU, laser data and image data) 
 
The final result of the processing is a 3D realistic map of the scanned target 
(Fig.a11aa, b). 
 
 
Fig. 11.a. 3D realistic map 
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Fig. 11.b. 3D realistic map 
 
Data can be exported as 2D, 3D model or as a DTM (Digital Terrain Model). In the 
case of the 3D model the data are exported as a point cloud, in files containing different type 
of data (Fig. 12). 
 
 
 
Fig. 12. A point cloud data file type 
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CONCLUSION 
 
In circumstances where, lately, technique and technology has developed impressively 
and topographic measurement equipment have become increasingly sophisticated the laser 
scanning technology is the latest innovation in the field. Through this technology can be 
automatically determined the 3D shape of the surface (or object), without a reflective 
medium, in a very short time with a high precision. Measurements are represented as a set of 
points called in the specialized literature as “point cloud”. 
As a last conclusion, we can say that the laser scanning technology is highly efficient 
and accurate but the equipment acquisition cost is high. It is expected that in the future, due to 
increased offer in the area and technological advancement, this disadvantage to be removed. 
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